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(54) Data transmission method for digital audio signals 

(57) A data communication technique enables a re- 
ductwn in the number of terminals in equipment for in- 
putting or outputting a real time digital signal such as a 
dig.tal audio s.gnal and a music/musical instrument sig- 
nal. A first converter (6) and a second converter (7) are 
provided with a function of mutual conversion between 
a s,gnal format of a digital audio interface and a signal 
format of I EE E - 1 394 . For example, i, is possible toSns 
2t ° f 3 dl ' 9i,al audio interface "^putted from a 

h!cf P T C 0) l ° thS fiCSt COnVerter (6). to invert 
he > s.gnal there into a packet of IEEE-1 394 isochronous 
transm,ss IO n format and transmit it to the second con- 

( ) ' l ° retUrn the packet to *e digital audio 
interface and record a digital audio signal in an MD re- 
corder (3). When a converter having a function of mutual 
conversion between the MIDI signal format and the 
EEE-1394 signal format is provided, it is also possible 
to perform bidirectional data communication among a 
plural.ty of MIDI musical instruments 
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This invention relates to data communication methods. 

It is being performed generally in recent years that digital audio equipments and electronic musical instruments 
are connected with one another by digital signal lines, thereby to perform transmission of a digital signal. 

A digital audio interface prescribed in a document of IEC 958 for instance (hereinafter referred to simply as a digital 
audio interface) is used in a digital audio equipment for public welfare or business. 

A transmission example of a digital audio signal using a digital audio interface is shown in Fig. 25. In Fig. 25, an 
output interface 81 is built in a compact disk (CD) player for instance, and an input interface 89 is built in a minidisc 
(MD) recorder for instance. Further, a digital audio signal written in a register 82 of the output interface 81 is read 
therefrom and added with an error correction code in a parity bit addition circuit 83, then the signal is subjected to 
biphase mark modulation and addition processing of a synchronous pattern in a biphase modulation/synchronous 
pattern addition circuit 84 and is formed into a digital audio signal conforming to the digital audio interface, and is 
outputted from an output terminal of the CD player for instance. Then, the signal is inputted to the input interface 89 
from an input terminal of the MD/recorder for instance through a coaxial cable 85 or an optical fiber cable 87. Here, in 
transmission through the optical fiber cable 87, the digital audio signal conforming to the digital audio interface is 
converted into an optical signal by means of a transmission module 86 provided in the CD player for instance, and the 
optical signal is converted into a digital audio signal conforming to the digital audio interface by means of a reception 
module 88 provided in the MD recorder for instance. : ' " 

In the input interface 89, the digital audio signal is subjected to detection of a synchronous pattern and biphase 
mark demodulation processing by a synchronous pattern detection/biphase demodulation circuit 90, subjected to error 
correction processing in a parity bit check circuit 91 , returned to the original digital audio signal through a register 92, 
and sent to a digital sound recording circuit (not shown) of the MD recorder for instance. 

Besides, when digital sound recording is made from an MD recorder to another MD recorder or to a digital audio 
tape (DAT) recorder, and when the MD recorder is connected to a digital preamplifier provided with a DA converter so 
as to transmit a digital signal directly, it is required to provide the output interface of the digital audio interface in the 
MD recorder. 

Fig. 26 shows a structure of a subframe of the digital audio interface. Further, Fig. 27 shows the structure of 
subframes, frames and blocks of the digital audio interface. 

As shown in Fig. 26, in a protocol of the digital audio interface, the subframe transmits a channel 1 (left channel) 
or a channel 2 (right channel) of a stereo signal and channels 1, 2, 3 and 4 of a four channel stereo signal. Further, 
the subframe is composed of 32 bit portions in total, as follows. 
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©Sync, preamble 
©AUX (auxiliary bit) 
©Audio data 
©validity flag 
©User data 
©Channel status 
©Parity bit 



4. bit portions from bO to b3 
4 bit portions from b4 to b7 
20 bit portions from b8 to b27 
1 bit portion of b28 
1 bit portion of b29 
1 bit portion of b30 
1 bit portion of b31 
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As shown in Fig. 27, the frame attains a length of 64 bit portions which is twice as long as the subframe. In the 
CD, the sampling frequency is 44.1 kHz, and a 2-channel stereo signal having 1 6 bits are recorded. When a CD signal 
is transmitted by the digital audio interface, the MSB of the CD data in 16 bits is placed in b27 of the subframe of the 
digital audio interface, and up to the LSB are placed thereafter in b12. Further, 0 2 is placed in 4 bits of bll to b8 of the 
subframe and b7 to b4 of the AUX. Thus, a transmission velocity in the digital audio interface of the CD signal becomes 
'44.1 kHz x 64 bits = 2.8224 Mbps. Further, in the digital audio interface, the sampling frequency corresponds to 48 
kHz and 32 kHz other than 44.1 kHz. 

In channel coding of the digital audio interface, biphase mark modulation in which logic "0" is expressed with two 
bits 00 2 or 11 2 having a period of T/2 when it is assumed that the bit period is T and logic "1 " is expressed with 01 2 or 
10 2 of T/2 is performed. The maximum inversion spacing of biphase mark modulation is the bit period T, and the 
minimum inversion spacing thereof is T/2. 

A unique symbol including 3T/2 which is against the rule of biphase mark modulation is used for synchronization 
and preamble. This symbol includes three types, i.e., the start of the block and the start of channel 1 B, the start M of 
the channel 1 , and the start W of the channels 2, 3 or 4, and 



B: 11101000 2 or 00010111 2 
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M: 11100010 2 or00011101 2 
W: 11100100 2 or00011011 2 
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o, ££^Z££Z tZ!^£tt£ZSi T T preamb,e of B is p,aced at the -« 

various data. Besides, no data corresponding "o a contro sfana^ oHhl ^ b '° Ck thereby to transmit 

are prescribed in this table 9,131 ° f the e 9 u 'Pment and an address of the equipment 

» ™~^ P ™^ i.e., data trans- 

center of signal connection such as a television seufS o^l I * Ccord,n9,y in an apparatus that becomes the 
system, signal lines of diaital audir, in^^ Vi. T'lJ?! V ae ° a PP aratu * and an amplifier and a receiver of an audio 
audio equipments. 06 connec,ed concentratedly in a tree shape from a plurality of digital 

- con-^^^^ 

104 and 105, an MD recorder 106, a DAT reSrdeM07 and faT^fT™ 101 ' 9 Speaker 103 ' CD P lav ^ 
as a DVCR) 108 are connected concentrate"^ a ZStSS^iS^ TT^ ( hereinafter ^ferred to 

Further, respective apparatuses are connertPHt™ am P |,f,er 1 °2 prov.ded with a DA converter, 
lines (coaxial cables andoptica be" oHhe S£, audio fnterf" T^fT* °' bidi -tional,y by means of signal 
face is capable of unidirectional transmission only "two ^S^^T*""* ** ^ ^ in ' er " 

^raZ£To 9 2 r ective — °< - ^^^z^^^r-^^ 

P,ylr ZTos S^^S^ " ^ - h "» M ° — r 1 06 from the CD 

above among these apparatuses Howeve stnce no 2 ? " * UM COntro ' si 9 nals for «he 

digital audio interface as described pr^Iiy Sn^^to fe f ^r , ' n9 T " COntr °' Si9na ' S h Pr6SCribed in the 
d-gital amp.ifier 102 is connected ,o respective interiac ^°r control. Therefore, the 

interface for control. - a PP ar at"ses by control buses. There are various standards in such an 

trJr^ information or the ,i ke are 

Instrument Digital Interface (MIDI) standa^hereSe^^ t ? " ^ '' n,erfaCe P rescribed by Musical 

The MIDI standards include three Zesoul^n* ! S ' mp,y 33 M,DI musical instruments). 

MID. OUT terminal (hereinafter refTed^^ referred' to as IN), a 

MIDI musical instruments are equipped normally w t N and OUT ^ Tm v^re.nafter referred to as THRU), and 
ments. THRU is a terminal having a function of ouZZa tt M.nf , ' S a,so P rovided ™ny musical instru- 

When OUT of a MIDI musical instrument mnas erT i n S ' 9na ' ' npUtted fr ° m ,N as " is 

with a MIDI dedicated cable (hereiX^^i?^^ 5 T' k M ' D ' mUSiCa ' inSUUment ( S,ave > 111 
110 is played, the MIDI musical instrument 1lTTpSl^^^\Si?^' d ° f ^ M ' D ' mUSiCal inStrument 
generat.ng data of MIDI such as an electronic mu*SS h meS ,he master is an e ^P™nt 

MIDI controller. As the slave, a sound source mo^S a ™h ! ^ 3 k6yb ° ard and is ca,,ed a 

of other MIDI musical instruments can be connected 9 3V ' n9 n ° keyb0ard ' an effecter and a " 

THRU to IN of another MID, musica, instrument 1 ? n a 3 ^ mann6r ' " nd furtherm <^ to connect 
of MIDI musica. instruments at the same time S nee The Sf, . f 8h0W " " Rg ' 3 °" ,hereby to ^ a Plurality 
THRU, however, three sets to four sets are ^aHy m HM fn 2"? deten ° rated ever V «me i. passes through the 
-n Fig. 30. normally the limrt in cascade connect.on by means of THRU such as shown 

* - a -ner, a method that the OUT of a 
THRU box are connected to IN of a plurality of mSlZ^rlZ f 3 ™ RU b ° X) 1 1 7 and the out P uts ° f the 

a large number of MIDI musica, instrument cZeTrtZeTZ** ™ T ^ " Fi * 31 iS USed ' When 
concentrated upon the THRU box and so on C ° nnec,ed ' nowever - there « such a problem that MIDI cables are 

large among MIDI signals as the When ,hS data quantily is 

is ca,,ed — by h — — ~ sr.ss =s 
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OUT of a MIDI slave 123 with the MIDI cable as shown in Fig. 32. 

The MIDI musical instrument is provided with terminals IN and OUT, but unidirectional communication in which 
standpoints of the master and the slave are fixed is performed and no correspondence to bidirectional communication 
is made. Therefore, there is such a problem that, even when the keyboard of the MIDI musical instrument which has 
5 been set to the slave once is played, the MIDI musical instrument of the master cannot be sounded. Further, in a 
cascade-connected system shown in Fig. 30, and in a system using the THRU box shown in Fig. 31 , the equipment 
which is used as the master is determined in advance, and it is required to determine the order of connection of the 
MIDI musical instruments for performance. As a result, resetting when the musical instrument is moved is inconvenient, 
thus causing such a problem that the structure of a musical instrument that is set once is difficult to be altered and so on. 
io A message transmitted among MIDI musical instruments is called a MIDI message. The MIDI message is ex- 

pressed by a byte train in one byte or more. As shown in Fig. 33, the byte train of the MIDI message is divided into a 
status byte and data bytes. The status byte expresses the type of the MIDI message, and the MSB bit 7 is "1 ". The 
status byte is normally accompanied by data bytes in a definite number. However, some messages are not accompanied 
by data byte. The MSB bit 7 of the data byte is "0". 
is As shown in Fig. 34, the MIDI message is classified into two, a channel message and a system message. The 

channel message is performance information for controlling individual musical instrument, and the system message 
is control information, synchronizing information or the like for controlling the whole MIDI system. Since a control com- 
mand related to connection among musical instruments and so on is not allocated to the MIDI message, setting of the 
system, alteration of the structure or the like cannot be carried out through MIDI standards. 
20 The system message is classified into a system exclusive message, a system common message and a system 

realtime message. The channel message includes a channel voice message (hereinafter referred to as a voice mes- 
sage) and a channel mode message (hereinafter referred to as a mode message). 

In the Ml Dl message, the number of data bytes becomes two bytes or less excluding the system exclusive message, 
i.e., three bytes or less including the status byte. In Fig. 34, a small letter n expressing the status byte with a hexadecimal 
25 number is used for designating the MIDI channel. 

A method of designating the MIDI channel is shown in Fig. 35. When a plurality of MIDI musical instruments are 
connected to a MIDI controller by MIDI cables in Fig. 30 or Fig. 31, it is possible to perform individual MIDI musical 
instrument independently by designating the MIDI channel. The MIDI channel has four bits and is able to designate 
16 channels at the maximum. 

30 Fig. 36 shows an example of a method of using the MIDI channel. To a MIDI controller 124 are connected three 

sets of MIDI musical instruments 125, 126 and 127. The MIDI musical instrument 125 sets tones of a saxophone, the 
MIDI musical instrument 126 sets tones of a piano, and the MIDI musical instrument 127 sets tones of an electric base. 
Further, when performance data for respective parts are sent from the MIDI controller 124, respective musical instru- 
ments generate sound with respect to each part. 

35 As described, it is possible in the MIDI standards to designate a specific MIDI musical instrument among a plurality 

of MIDI musical instruments on the receiving side (slave) and transmit a message by the MIDI channel. However, since 
four bits in lower positions of the status byte are used for designation of the MIDI channel, it is difficult to increase the 
MIDI channel to a number of 16 or more. 

As shown in Fig. 33, the operation is performed with asynchronous serial transfer at a transfer speed of 31.25 

40 kbps (±1%) of the MIDI standards. The transfer is made in the order of start bit, bit 0, bit 7 and stop bit (10 bits in 
total), and the start bit is a logic "0" and the stop bit is a logic "1 10 x (1/31 .25 kHz) = 320 \xs is required for transferring 
one byte. Since three bytes are required for a message of note-on that produces one sound in the MIDI system, it 
takes 320 u,s x 3 = approximately 1 ms for producing one sound by MIDI. 

A MIDI musical instrument provided with a sampling function is called a sampler. Sampling means that a user 

45 produces live tones of musical instruments in the form of digital data and records these data in a memory or the like. 
Further, at time of reproduction, the digital data are taken out of the memory at free timing so as to produce a sound. 
Sample dump which is one of the universal system exclusive messages is used for the transmission of the sampling 
data taken out of the sampler. With the universal system exclusive message, it is possible to transmit/receive data 
among MIDI musical instruments manufactured by different manufacturers. The sample dump is a common format for 

so transmitting the sampling data of the sampler. 

Fig. 37 shows data formats of three MIDI messages, sample dump request, dump header and data packet. When 
dump request in (1) is outputted with a MIDI musical instrument, dump header in (2) is transmitted and then data packet 
in (3) is transmitted. The data packet has a fixed length of 1 27 bytes, and the data length is 1 20 bytes at the maximum. 
Normally, the sampled waveform data include several ten Kbytes, and it is required to transmit a large number of 

55 data packets. When such a large quantity of data are transmitted at a time, a lot of time is required for processing of 
transmission and reception of MIDI, thus making it impossible to transmit performance information such as a channel 
message at the same time. Therefore, a switch for turning off so as to receive no system exclusive message is normally 
provided in the MIDI input/output function. 
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stan d A a? d ; SCribedabOVe ' *" ^ ^ ^ b '°™ s * «** in (1 ) and (2) be ,ow in conventional digita. audio interface 

terminals for inputting toan'd oSSX^'^^SSr " ^ ** COntr °'' ^ ^ °' 
tiona?MT D TsL7 a rds Ve ^ Pr ° b,emS ~ l ^ in (3) t0 (7 > betow in -™ of a message according to conven- 

^.'MffSr b6COmeS ^ ' " - ^-"Ls making „ impossible to 

(7) Connects .formation of the system and contro. commands Jconnectfon are not prepared. 

in St :i^ ^^^s^^^ or T ce information ° f the ™«- 

previously such as a CD player or to execuS TwZT^lT^ ^ digita ' aUdi ° interface desc ^ed 
instrument on a voice (vocaj recordec^^^ information of the e.ectronic musica. 

connect the electronic musical instrument and Z ^Zh " di9i,a " y ' but il has been <™™« to 

transmission speeds of the MIDI standards and he d o 2 aud o ZST* "2?* **" f ° rmats and da * a 

In a data communication method according , tr ,tho T T ^ dlfferent from eacn otner - 

data unidirectionally is con.eZT^o ^ZlTnlTs frlnsm I^T"' 8 ^ ° f '" nterfaCe f ° r Remitting digita, 
an interface for transmitting digita, data bS ecSfy °* " n as >™ h — * transmission forma" of 

,rtn:r~ 

tionally is convened into an asynchronous transmission ol n h f ? mus ^™s.cal instrument signal unidirec- 
both to transmit with a format dedk^ transmission of digita, data, it is possible 

format for the audio/video equipments ™s'c/mus«cal instrument s.gnal and to transmit with a transmission 

-ace^n^ -a unidirectionally or by another in- 

format of an interface for transmitting dJSS^SSS^^T? " aSynCh ™ ous transmission 
chronous transmission format o.directionally and transmitted together with digital data of an iso- 

ma d :~toa:^ 

instrument signais). Further' an ^oTfo^ 

chronous transmission cycle and a mode of transmittin g! K 9 transmitting synchronously with an iso- 

be provided in the header Furthermore * t^^^^^^ °" * P ^ ^ S ° f ^ data ™V 
data to the data of the isochronous transmission formal ld ^tif.cat,on code for identifying the types of digital 

int f ^ ** " 9 di ^ a ' — 

digital data bidirectionally. ' ° f ,socnron °us transmission of an interface for transmitting 

the interface for transmuting digital dalf^Sr ° f SamP ' in9 ° f 

c^fn^ 

A preferred form of implementation of the present invention described hereinbelow seeks to provide: 
a data communication method in which thp nnmK^ • 

numbers of cables and terminals " d8CreaSed and ' in P articular . »» 

system are also decreased as compare Tw ,h a Snv.n,^ ? an apparatus that becomes a center of the 

a data communication method which L abte to imn , Sy em US ' n9 3 unidirec tional interface; 

noa wn.ch is able to improve a function of an electronic musical instrument- 
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a technique of transmitting a real time digital signal such as a digital audio signal and a music/musical instrument 
signal; and 

a technique of curtailing the number of terminals in an apparatus for inputting or outputting a digital signal and 
transmitting the digital audio signal and the music/musical instrument signal in a common format. 

5 

The invention will now be further described, by way of illustrative and non-limiting example, with reference to the 
accompanying drawings, in which: 

Fig. 1 is a diagram showing a first bidirectional data transmission system embodying the present invention; 
io Fig. 2 is a diagram showing a basic structure of a converter in Fig. 1 ; 

Fig. 3 is a diagram showing an example of isochronous and asynchronous data transmitting configuration in the 
system shown in Fig. 1 ; 

Fig. 4 is a diagram showing a format of an isochronous packet of IEEE-1 394; 

Fig. 5 is a diagram showing general specifications of a CIP header in the IEEE-1 394 isochronous data transmission 
15 mode; 

Fig. 6 is a diagram showing an example of format designation of digital audio, music/musical instrument and so on; 
Fig. 7 is a diagram showing an example of a CIP header; 
Fig. 8 is a diagram showing an example of SYT; 
Fig. 9 is a diagram showing an example of data format designation; 
20 Fig. 10 is a diagram showing an example of conversion when the sampling frequency of a digital audio interface 

is 44.1 kHz; 

Fig. 1 1 is a diagram showing an example of conversion when the sampling frequency of the digital audio interface 
is 48 kHz; 

Fig. 1 2 is a diagram showing an example of conversion when the sampling frequency of the digital audio interface 
25 is 32 kHz; 

Fig. 1 3 is a diagram showing an example of an isopacket; 

Fig. 14 is a diagram showing a second bidirectional data transmission system embodying the present invention; 
Fig. 15 is a diagram showing a basic structure of a converter shown in Fig. 14; 

Fig. 1 6 is a diagram showing a write request for data block packet in the IEEE-1 394 asynchronous data transmission 
30 mode; 

Fig. 17 is a diagram showing a write request for data quadlet packet in the IEEE-1 394 asynchronous data trans- 
mission mode; 

Fig. 18 is a diagram showing a structure of an FCP frame in an asynchronous data transmission mode of the IEEE- 
1394 serial bus; 

35 Fig. 19 is a diagram showing an example of a data structure for transmitting the MIDI message in the FCP frame 

when CTS = 0000 2 ; 

Fig. 20 is a diagram showing another example of the FCP frame; 

Fig. 21 shows an example of bit allocation of DATAF of a format related to music/musical instrument of EMT = 
0001 00 2 of the CIP header; 

40 Fig. 22 is a block diagram of a MIDI musical instrument for performing isochronous data transmission; 

Fig. 23 is a diagram showing a method of transmitting a system exclusive message in an isochronous transmission 
mode of the IEEE-1 394 serial bus; 

Fig. 24 is a block diagram showing still another example of a bidirectional data transmission system embodying 
the present invention; 

45 Fig. 25 is a diagram showing a transmission example of a digital audio signal using a digital audio interface; 

Fig. 26 is a diagram showing a structure of a subframe of a digital audio interface; 
Fig. 27 is a diagram showing a structure of subframes, frames and blocks of a digital audio interface; 
Fig. 28 is a diagram showing an example of a system in which a plurality of audio equipments and video equipments 
are connected concentratedly to a digital amplifier; 

50 Fig. 29 is a diagram showing an example of connection of electronic musical instruments according to MIDI stand- 

ards; 

Fig. 30 is a diagram showing an example of connecting MIDI musical instruments in a cascade form; 

Fig. 31 is a diagram showing an example of connecting Ml Dl musical instruments in a tree form through the THRU 

box; 

55 Fig. 32 is a diagram showing that handshakes transmit in the MIDI musical instrument; 

Fig. 33 is a diagram showing a format of the MIDI message; 
Fig. 34 is a diagram showing types of the MIDI message; 
Fig. 35 is a diagram showing a method of designating the MIDI channel; 
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Ra S I a S ram T^ 9 ^ eXamP ' e ° f 8 m6thod of usin 9 MIDI channel; and 

a dafa ike! 9 Sh ° W ' n9 "** ° f thr6S M,DI messa 9-- a -mp.e dump request, a dump header and 

in «hlfo." '» detail ^naftor with reference to the drawings, 

inafter referred to as IEEE ^1394 se 'a, bus) " ^ '° ' EEE " 1 Performance Serial Bus (he? e - 

The First Embodiment 

recofder^ pr6Sent invent ™ is Prided with a CD player 1, a DAT 

these digital audio eZZ^LlTl^eTZ US ^1 T^*™ 35 Sh ° Wn in ^ 1 for instance ' Each °< 
2areconnectedtoan\S^^^ 

lines and control buses of dJ^JSiS^JS^^J^T T* 38 3 COmert ^ 6 by meanS ° f si 9 nal 
converter 7 by means of signal lines and c^ro of I J? T " ^ ^ ° D P ' 3yer 4 are co ™ e *ed to a 

to transmits ceive a' '™ — - - - -* 

the p^ot^ol'of^EE-^S&^'to ^hothL^lnterar C ''°ri' °! T^" 9 Pr ° ,0C01 ° f the di 9» al audi ° in ' eria ~ and 
transmitted in an IEEE 1 394 Shrtous modeTh!' T 3Udi ° Si9n3 ' COn,ormin 9 to 'he digital audio interface is 
nized with an isochro^^^^w^^J^^ m ° de means a mode of transmitting data synchro- 
data transmission system and is used I to ransm ininn ? t V apparatU8 that becomes a cv <^ master within the 
audio signa. and a music/mu^L, ^ " ' ^ S '' 9n31 ' 3 di9ita ' 

IEEE-1394 asynchronous mSe ^TS^SSS.^lr.SS ■" T C ° mm3nd ° f the C ° n,ro1 bus is transmitted in the 
unit in a mode which is n^eTdTn ^ 

such as packet and o^ ra^n/d f r? 9 P ° rti ° n ^ 3nd Perf ° rmS Mnk ' ayer COntral 

23 performs control of an wl^i^^rth^^T^?' ? ^ CRC 3nd da,a CRC - Further ' the CPU 
the isochronous data ^SS^^J^^^t^ 1/0 24 communi ^es the digital audio signal with 
23. Furthermore, the digital SJS jrSS^r U ^ ^ Si9na ' " ^ 

1 is IS* si g 3conto^^^^ * eX3mP ' e - 3 di9i,a ' 3Udi ° Si9 " al a ted in the CD p.ayer 

the digita, -d^X^ » a * th. conveys, 

the link layer block 22, and an isochronous data N^ nJt f ,® en, . to he ' so chronous data processing portion 26 of 
is generated here and sent oun^EEE ^394 sTrta^ / (he " ,na ? r ref erred to as a " hop***) of IEEE-1 394 
isopacket inputted from the physfca, h* "T^ ^ b '° Ck 21 ,n the COnVer,er 7 ' the 

processing portion 26 returned he^e to a IinS V u d ' 9,tal aUdi ° 1/0 24 throu 9 h ,he isochronous data 

3, and thecal at So stnaMs redded he're ^ ^ ^ ' M * and S6nt to < he MD 

DAT^S; 2 t^moT EE LVcomS T a H di9it3 ' 3Udi ° Si9n3 ' in ,ha CD P la V- 4 in the 

area of the DVCR 5. * P ° SS,D ' e ! ° d,g,,a " y record the si 9 nal j " a digital audio data recording 

from tneCD SSSZ^JS^ the h T te " ^ * R9 1 ' ' he C ~ d 
inputted fromVe digital lud"^ 

link layer block 22 an asynchronous rtZ I T«T asynchronous data processing portion 25 of the 

1394 generated hereTdTsl tit, e E eI^ST^^ 3SynChronoUS P ackat ) of IE ^- 

7, ,e asynchronous packet inputted from the ^^^^S^^T^Z 
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asynchronous data processing portion 25 and the CPU 23. Then, it is returned to the command on the control bus and 
sent to the MD recorder 3, thereby to control the operation thereof. 

Fig. 3 shows an example of a timing when a digital audio signal and a control command are transmitted from the 
CD player 1 to the MD recorder 3, and a digital audio signal and a control command are also transmitted from the DAT 
s recorder 2 to the DVCR 5. 

A signal stream A is a digital audio signal transmitted from the CD player 1 to the MD recorder 3, and a signal 
stream B is a digital audio signal transmitted from the DAT recorder 2 to the DVCR 5. These signal streams A and B 
are inputted to the converter 6 through the digital audio interface. 

Further, IIA and IIB of the command A show examples of a control command exchanged mutually by the CD player 
io 1 and the MD recorder 3. Further, 12A and 12B of the command B show examples of a control command exchanged 
mutually by the DAT recorder 2 and the DVCR 5. Any of those has been inputted to the converter 6 by the digital audio 
interface. 

The signal streams A and B are transmitted on the IEEE-1394 serial bus in an isochronous cycle of 125 u-s after 
being converted into isopackets in the converter 6. The data transmission velocity in this case is set to any of 100 

is Mbps, 200 Mbps or 400 Mbps. In Fig. 3, the signal stream A has been converted into isopackets 1 3A to 1 3F, and the 
signal stream B has been converted into isopackets 14A to 14F. 

Further, the commands 11 A and 11 B have been converted into asynchronous packets 15A and 15B, and the 
commands 12A and 12B have been converted into asynchronous packets 16A and 16B. 

Further, these isopackets and asynchronous packets are time-division multiplexed on the IEEE-1394 serial bus 

20 and transmitted. At this time, the isopackets 1 3A to 1 3F and 14A to 14F are transmitted using different channels. The 
equipment on the IEEE-1 394 looks at a channel number written on a header (details thereof being described later) of 
an isopacket and takes in necessary isopackets. Further the asynchronous packets 15Aand 15B and the asynchronous 
packets 16Aand 16B have originating equipment addresses and destination equipment addresses. Besides, since the 
details of data transmission control on such an IEEE-1 394 serial bus have been opened to the public in the specification 

25 of IEEE-1394, no description is made here. 

The isopackets and asynchronous packets transmitted on the IEEE-1394 serial bus are inputted to the converter 
7. The isopackets 13A to 1 3F are returned to the original signal stream A, and sent to the MD recorder 3 through the 
digital audio interface. Further, the asynchronous packets 15A and 15B are also returned to the original commands 
11 A and 11 B and sent to the MD recorder 3 through the control buses. 

30 On the other hand, isopackets 14A to 14F are sent to the DVCR 5 as they are through the IEEE-1394 serial bus 

and taken therein. Similarly, the asynchronous packets 16A and 16B are also sent to the DVCR 5 as they are through 
the IEEE-1394 serial bus and taken therein. 

Next, a method of placing a digital audio signal conforming to the digital audio interface on an isopacket of IEEE- 
1 394 will be described in detail. 

35 Fig. 4 shows an isopacket of IEEE-1394. A data block packet of IEEE-1394 is expressed in the unit of 32 bits 

(hereinafter referred to as a quadlet). The channel located in the first quadlet shows the asynchronous channel number. 
The isochannel can be identified by the 6 bits 64 channel. When two bits in a tag field are 01 2 , a common isochronous 
packet header (hereinafter referred to as a CIP header) of such two quadlets is inserted at the head of the data field. 
For the purpose of handling realtime data of a digital audio video signal of a digital video equipment, a digital audio 

40 equipment or the like, the value of the tag is set to 01 2 . The configuration of the present embodiment relates to the 
case of tag = 01 2 . Besides, when tag = 00 2 , it is not required to insert the CIP header. 

Fig. 5 shows a CIP header when the value tag = 01 2 is set. In the first quadlet of the CIP header, assignment of 
bits remains unchanged depending on the format. A source node ID (hereinafter referred to as an SID) represents a 
node ID on the IEEE-1394 serial bus of the equipment which sends out an isopacket. A data block size (hereinafter 

45 referred to as a DBS) is a number representing a length of the data block with quadlet. A fraction number (hereinafter 
referred to as an FN) is the number of data blocks where a source packet is divided. A quadlet padding count (hereinafter 
re f erre d to as a QPC) is used when the FN shows a value other than 00 2 . A source packet header (hereinafter referred 
to as an SPH) is set to 1 2 when the source packet has an original source header. A data block counter (hereinafter 
referred to as a DBC) is a continuous counter in 8 bits and is used for detecting transmission off of the source packet. 

50 a format ID field (hereinafter referred to as an FMT) in the second quadlet of the CIP header is used for identification 
of a format transmitted by the IEEE-1 394 serial bus. The specifications of a format dependent field (hereinafter referred 
to as an FDF) are determined by the FMT. 

Fig. 6 shows an allocation example of the FMT As shown in Fig. 6, the formats of DVCR signal transmission and 
MPEG signal transmission are designated at FMT = 000000 2 and 000001 2 , respectively. Further, transmission formats 

S5 are designated for non-compressed digital audio (hereinafter referred to as linear audio) with FMT = 00001 0 2 , bit 
compressed digital audio (hereinafter referred to as nonlinear audio) with 00001 1 2 , and music/musical instrument with 
000100 2 . When FMT= 1111 10 2 , specifications original to manufacturers are acknowledged within the prescribed range 
of the CIP header. Further, when FMT = 111111 2 , prescriptions of respective fields DBS, FN, QPC, SPH and DBC are 
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thi. 2L T 3 ^ . ! 3 !' COmm ° n '° ' inear aUdi °' non,inear audio and music/musical instrument. The format of 
this header ,s formed by d.v,d.ng the FDF shown in Fig. 5 into a data format field (hereinafter referred to as DATAF 

3!l2!S PMT ime iH er8inafte : feferred ,0 33 SYT) ' By makin9 the data tra ^mi S sion formats of the digital audio 
allocated w.th FMT and the music/musical instrument common to each other, common transmission on the IEEE-1 394 
serial bus becomes easier. 

Fig. 8 shows a structure of the SYT. When a time stamp value is given, 16 bits of the SYT are divided into 4 bits 
of Cycle count and 1 2 bits of Cycle offset. In this cycle count, a value of 4 bits in the low positions of 1 3 bits of the cycle 
count of a cycle time register provided in a cycle master on the IEEE-1 394 serial bus is used. For 12 bits of the cycle 
offset, the value of 12 bits of the cycle offset of the cycle time register is used as it is 

Fig. 9 shows a bit allocation example of the DATAF of linear audio. In Fig. 9, an asynchronous mode is a trans- 
mission mode utilizing time stamp of the SYT without synchronizing with the cycle of 125ps in an isochronous mode 
This mode is used for converting a digital audio interface signal of an equipment which does not synchronize with an 
external clock in general such as a CD player for consumers into the IEEE-1 394 format. 

The synchronous mode is a mode of transmission synchronizing with the isochronous cycle of 1 25 us and is used 
for an equipment capable of synchronizing with an external clock of a CD player and a recorder for business purposes 
The specifications of Raw audio are used when the equipment having no I/O terminals of the digital audio interface 
transmits a digital audio signal independent of the format on the IEEE-1 394 serial bus 

ln the configuration of the present embodiment, the signal stream of the digital audio interface is divided into the 
units of block so as to obtain a source packet, which is transmitted with a header attached thereto. In the digital audio 
interface, three types of sampling frequencies (hereinafter referred to as Fs) 48 kHz, 44. 1 kHz and 32 kHz are specified 
Since one block of the digital audio interface consists of 1 92 frames, the length of one block in respective Fs is as follows.' 

Fs: 48 kHz ... 1 92 -s- 48 kHz = 4 ms 
25 Fs: 44.1 kHz... 192-5-44.1 kHz = 4.35374 ms 

Fs: 32 kHz ... 1 92 -s- 32 kHz = 6 ms 

Accordingly, the number of isopackets in each Fs included in one block at the largest is as follows. 

30 Fs: 48 kHz ... 4 ms-s- 125 ps = 32 

Fs: 44.1 kHz ... 4.35374 ms 125 ps = approx. 35 
Fs: 32 kHz ... 6 ms -s- 125 ps = 48 

In the configuration of the present embodiment, the number of isopackets including data is set to 24 in one block 

nZTtT* ° f th < e ° f FUrth6r - W " h rSSpeCt t0 ° ther is °P ack <^. a Packet with a header only having no source 
packet (hereinafter referred to as a dummy packet) is transmitted. 

.f T 0 *^ oSf u Umber ° f ,he data in ° ne b ' 0Ck iS 64 bits x 1 92 = 1 2 ' 288 bits ' tne bit number of data in an effective 
16 nnmnnnn \f = Wh6n * hiS fi9Ure iS Converted into 16 9-dlets are obtained, and DBC 

40 audto^mertlce " 1 qUad ' etS °° rrespond l ° 1 6 subfra mes' portion, i.e., 8 frames' portion of the digital 

forfi? 9 ' 10 f^T! a u eXamP ' e ° f transmittin 9 an feopacket with these 8 frames as one unit. When the time required 
for 8 frames data to be stored in a buffer in a converter is calculated with respect to each Fs, the following is obtained. 

Fs: 48 kHz... 8*48 kHz = 166.7 ps 
45 Fs: 44.1 kHz ... 8 -=-44,1 kHz = 181 .4 ps 

Fs: 32 kHz ...8 + 32 kHz = 250 ps 

As shown in Fig. 10, in the case of Fs = 44.1 kHz, there are approximately 35-24=11 dummy packets during 
transmission of one block, and one dummy packet is transmitted after almost effective two packets are transmitted 
Further, when Fs is 48 kHz, there are 32-24=8 dummy packets while one block is transmitted as shown in Fig 11 
and one dummy packet is transmitted after approximately three effective packets are transmitted ' 
S.mMarly, when Fs is 32 kHz, 48-24=24 dummy packets are transmitted while one block is transmitted as shown 
in Hg. 12, and almost effective packets and dummy packets are transmitted alternately 

. J'^- 13 , Sh ° WS an example of a format of an isopacket. As shown in Fig. 13, the contents of the subframe 32 bits 
an^pre^^ * ^ 38 ^ H °™°<' <™ bit °' synchronization 



50 



55 



)OCID: <EP 0762684A2_I_> 



9 



i 



EP 0 762 684 A2 

B:LSB 11 ** MSB 



M:LSB01 ~MSB 



W:LSB 00 ** MSB 

io Here, 00 2 is normally inserted into **. It is possible to add up the audio data of 20 bits, auxiliary data of 4 bits and **, 

thereby to use them as audio data of 26 bits. 

As shown in Fig. 1 3 and Fig. 1 0, in the configuration of the present embodiment, the data portion of one isopacket 

is transmitted with 8 frames as the unit in transmission of a signal of the digital audio interface. As shown in Fig. 27, 

the first quadlet of the data portion is B or M, and the data portion does never start from W. Further, B is positioned at 
is the first quadlet of the data portion, and will never be positioned midway of the data portion. Although the audio data 

are transmitted starting from the LSB first, it may be arranged so as to transmit starting from the MSB first. 

The Second Embodiment 

20 A second embodiment of a bidirectional data transmission system applied with the present invention is shown in 

Fig. 14. In this data transmission system, there are provided MIDI musical instruments 31 to 34, a CD player 35, an 
MD recorder 36, MIDI/IEEE-1 394 converters (hereinafter referred to simply as converters) 37 to 40, a personal com- 
puter 41 and a hard disk unit 42. 

Then, OUTs of the MIDI musical instruments 31 to 34 are connected to INs of the converters 37 to 40, by MIDI 

25 cables, respectively, and INs of the MIDI musical instruments 31 to 34 are connected to OUTs of the converters 37 to 
40 by MIDI cables, respectively. 

Further, the converters 37 to 40, the CD player 35, the MD recorder 36, the personal computer 41 and the hard 
disk unit 42 are connected in common with one another by the IEEE-1394 serial bus. In a word, these equipments 
have the nodes ID on the IEEE-1 394 serial bus. 

30 The converters 37 to 40 performs mutual conversion between the MIDI signal and the protocol of the IEEE-1 394 

serial bus. For example, a MIDI signal inputted to IN of the converter 37 from OUT of the MIDI musical instrument 31 
is converted into the IEEE-1394 isopacket or asynchronous packet in the converter 37 and is sent out to the IEEE- 
1 394 serial bus. Conversely, a packet which has been sent out to the IEEE-1 394 serial bus from another MIDI musical 
instrument through another converter and received by the converter 37 is converted here into the MIDI signal and sent 

35 from OUT to IN of the Ml Dl musical instrument 31 . 

The CD player 35 and the MD recorder 36 are provided with the digital audio interface and the IEC958/IEEE-1 394 
converter shown in Fig. 2 and capable of mutual conversion between protocols inside. Accordingly, it is possible to 
transmit/receive the isopacket and the asynchronous packet directly with respect to the IEEE-1 394 serial bus. Besides, 
similarly to Fig. 1 , the IEC958/IEEE-1 394 converter may be installed outside the CD player 35 and the MD recorder 36. 

40 The personal computer 41 and the hard disk unit 42 are provided with the digital interface (the physical layer block 

and the link layer block shown in Fig. 2) for the IEEE-1394 serial bus, and are able to transmit/receive the isopacket 
and the asynchronous packet directly with respect to the IEEE-1394 serial bus. 

According to the bidirectional communication system structured as described above, the performance information 
of the MIDI musical instruments 32 to 34 outputted from the MID! musical instrument 31 is converted into the protocol 

45 of the IEEE-1394 serial bus by means of the converter 37 and sent out to the IEEE-1394 serial bus. Then, the per- 
formance information is inverted into the performance information of the MIDI musical instruments 32 to 34 in the 
converters 38 to 40, and is inputted to INs of respective MIDI musical instruments 32 to 34. With this, it is possible to 
play the MIDI musical instruments 31 to 34 at the same time. 

Further, performance information, control information or the like of the MIDI musical instrument can be recorded/ 

so reproduced in the hard disk unit 42. Furthermore, it is also possible to perform on-screen display on the display of the 
personal computer 41 . 

Further, it is possible to synthesize the performance information outputted by the MIDI musical instrument and the 
reproduced digital audio signal of the CD player and record it in the MD recorder 36 or the hard disk unit 42. 

In Fig. 14, the converters 37 to 40 have IDs on the IEEE-1394 serial bus, and it is possible to judge which MIDI 
55 musical instrument is transmitting the MIDI message by using the ID number for the source ID of the asynchronous 
packet (Fig. 16 and Fig. 17 described later). Namely, in the structure shown in Fig. 14, any of the MIDI musical instru- 
ments can be operated as the master, and it is not required to fix connection as shown in Fig. 30 or Fig. 31 , but other 
MIDI musical instruments can be played from any keyboard. 
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ignated in the destination ID. 

The converter that has received an asynchronous packet including Fig. 19 and Fig. 20 converts the packet into 
the MIDI message and sends it to the MIDI musical instrument. The MIDI musical instrument confirms the designated 
channel from 4 bits in low figures of the status byte shown in Fig. 35, and generates sound when the channel is 
s designated. 

Due to the fact that the MIDI signal in the present state is of low speed and packet transmission, asynchronous 
transmission of the IEEE-1394 serial bus is suitable for the transmission of the MIDI message. However, the iso- 
chronous data transmission is more suitable for the system exclusive message when it coexists with attainment of high 
speed in MIDI standards and digital audio signal transmission on the IEEE-1394 serial bus and among the MIDI mes- 

io sages in the present state. Thus, a method of loading a music/musical instrument signal conforming to MIDI standards 
on the isochronous packet of the IEEE-1394 serial bus will be described in the next place. 

The formats of the isochronous packet have been described with reference to Fig. 4 to Fig. 8. It is possible to 
constitute 1 6 different channels on isochronous transmission by converting the MIDI channel of the MIDI message into 
the channel of isochronous transmission. Further, it is possible to transmit 64 isochronous packets when the MIDI 

15 standards are extended in the future or in higher speed music/musical instrument data transmission format. Fig. 21 
shows an example of bit allocation of DATAF of the format related to music/musical instrument at FMT = 0001 00 2 of 
the CIP header. 

Next, isochronous transmission according to a preferred form of implementation of the invention will be described 
using an example of transmission of sampling data of the MIDI musical instrument that becomes a slave and feedback 
20 of digital signal data from the OUT terminal. 

Fig. 22 is a block diagram of a MIDI musical instrument for transmitting isochronous data. It is assumed that the 
MIDI IN terminal and the MIDI OUT terminal of this MIDI musical instrument are connected to the I/O terminal of the 
converter shown in Fig. 14. 

As shown in Fig. 22, this MIDI musical instrument is provided with a tone synthesis portion 60, a switch 61, a 
25 keyboard 62, a D/A converter 63, an amplifier 64 and a speaker 65. 

Key data and touch data from the keyboard 62 are sent to the tone synthesis portion 60 through the switch 61. 
The tone synthesis portion 60 synthesizes a digital tone waveform signal based on the key data and the touch data. 
Further, the MIDI message is converted into the key data and the touch data from the IN terminal through the switch 
61 and inputted to the tone synthesis portion. Thus, even when the keyboard 62 is not played, performance can be 
30 made by the MIDI message from IN. 

There are an FM system and a PCM system in the tone synthesis systems. In the PCM system, the actual sound 
is stored digitally and read out of the memory by the instruction from the keyboard or the MIDI message at time of 
reproduction. 

The digital signal outputted from the tone synthesis portion 60 is converted into an analog signal by the D/A con- 

35 verier 63, and generates a music sound from the speaker 65 through the amplifier 64. Further, it is also possible to 
input the digital signal outputted from the tone synthesis portion 60 to the converter from OUT of MIDI signal output 
through the switch 61, to convert it into the format of isochronous data transmission of the IEEE-1394 serial bus and 
to feed it back to an equipment on the bus. When the digital signal is fed back, the format of IEEE-1394 serial bus 
transmission can apply correspondingly to the format of the digital audio interface prescribed in IEC-958 for instance. 

40 Furthermore, this MIDI musical instrument has a sampling function. Sampling means that a user records digital 

data by itself. Here, the data are stored in a memory in the tone synthesis portion 60. 

It is possible to input the sampling data outputted from the tone synthesis portion 60 in the converter from OUT of 
the MIDI signal output through the switch 61 similarly to the digital signal output, to convert it into a format of isochronous 
data transmission of the IEEE-1394 serial bus and transmit it to the device on the bus. 

45 Fig. 23 shows a method of transmitting the system exclusive message in the isochronous transmission mode of 

the IEEE-1394 serial bus. The data packet has a fixed data quantity of 127 bytes, and when this packet is transmitted 
as a MIDI signal, it takes 320 \±S X 127 = 4.064 mS at the shortest. The number of isochronous packets in the interim 
becomes 4.064 mS -f- 125 pS = 325.12. Since the data are transmitted in the unit of quadlet = 4 bytes in the IEEE- 
1394 serial bus, 128 bytes (= 32 quadlet) is formed by adding a dummy byte of one byte to the data packet of 127 

50 bytes. Thus, 6 bytes of methods of transmitting 1 , 2, 4, 8, 16 and 32 quadlets with one isochronous packet are con- 
ceivable. 

In a method of transmitting 32 quadlets, 324 pieces of packets among approximately 325 pieces of isochronous 
packets become dummy packets that do not transmit data. The length of the effective packet when the clock frequency 
is 100 MHz becomes (32+5) x 32 + 100 MHz = approximately 12 [iS. 
55 in a method of transmitting one quadlet with one isochronous packet, about 9 pieces out of 1 0 pieces of packets 

also become dummy packets. The length of an effective packet when the data of one quadlet are transmitted with one 
isochronous packet becomes (1 +5) x 32 * 100 MHz = approximately 2 u.S. 

Six types of methods are put in order as follows. 
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When 32 quadlets are transmitted with one isochronous packet, a band of 1 2 uS in 1 25 u.S is occupied However 
since there .3 low possibility that data are dumped from a plurality of digital samplers, it is possible to transmit the data 
packet of the MIDI message approximately every 4 mS with the isochronous packet. The number of quadlets in one 
isochronous packet may be selected among any of six types mentioned above. 

Fig. 24 is a block diagram showing still another example of a bidirectional data transmission system applied with 
the present invention. Since the converter shown in Fig. 14 is built in electronic musical instruments 75 76 and 80 in 
the present system, mutual conversion of the protocol can be made inside. Therefore, these electronic musical instru- 
ments have nodes ID on the IEEE-1394 serial bus, andean communicate a message by the protocol of the IEEE -1394 
serial bus. Further, since a CD player 73 and an MD recorder 74 are provided with the IEC958/IEEE-1394 converter 
similarly to Fig. 14, communication can be made with the protocol of the IEEE-1 394 serial bus. Further, since a DVCR 
70 a digital TV 71 , a DVD player 72, a set top box 77, a personal computer 78 and a hard disk unit 79 are each provided 
wrth i a digital interface for the IEEE-1394 serial bus, it is possible to communicate a message with the protocol of the 
IEEE-1394 serial bus. 

Besides, the present invention is not limited to above-mentioned embodiments, but various modifications thereof 
can be made based on the foregoing disclosure, which are not excluded from the scope of the present invention 
- ,« c eX o mP ' e ' 11 bS arran 9 ed so th at the digital audio interface is not provided, but only the digital interface for 
the IEEE-1394 serial bus is provided in a digital audio equipment such as a CD player in Fig. 24, and a digital audio 
signal is processed with the protocol of IEEE-1 394. 

Similarly, it may also be arranged so that no MIDI is provided, but only a digital interface for the IEEE-1394 serial 
bus is provided in the electronic musical instruments shown in Fig. 24, and the music/musical instrument signal is 
processed with the protocol of IEEE-1 394. 

When the IEEE-1394 serial bus is popularized and the digital audio interface and MIDI become unnecessary in 
he future, these methods are effective. However, a protocol corresponding to the digital audio interface, in other words 
he Protocol on the IEEE-1394 serial bus shown in Fig. 1 is adopted for the protocol used for the digital interface for 
tne IEEE-1394 serial bus, thereby to minimize the change in structure extending from the present to future The same 
is applied to Ml Dl. The statement that "the format of the interface for transmitting digital data unidirectionally is converted 
into an isochronous transmission format of the interface for transmitting digital data bidirectionally" according to the 
present invention includes such a configuration. 

Further, the present invention is applicable, for example, to synchronous transmission of a linear digital audio 
signal, synchronization of a non-linear digital audio signal, asynchronous transmission or the like. Furthermore the 
present invention is also applicable to bidirectional transmission of a control command together with these signals 

Further, the present invention is also applicable, for example, to the digital audio data transmission format other 
than high-speed interface of the music/musical instrument and the digital audio interface . 

As described in detail above, with systems embodying the invention it is possible to reduce the number of I/O 
terminals of an equipment by converting a format of the interface for performing signal transmission in a point-to-point 
or tree form unidirectionally into an isochronous transmission format or an asynchronous transmission format of the 
interface for transmitting digital data bidirectionally. 

Accordingly, in the equipment that becomes the center of a system such as an amplifier and a receiver of TV and 
audio units including analog equipments, signal cables have been connected in a tree form, but it becomes possible 
to perform bidirectional transmission of a digital audio signal only by connecting one line of cable by applying the 
present invention. Further, in the MIDI musical instruments, MIDI cables have been wired concentratedly to the parabox 
or connecting a plurality of musical instruments, but it becomes possible to perform bidirectional transmission of per- 
formance information and control information of a music/musical instrument signal only by connecting one line of cable 
by applying the present invention. 

Further, the transmission format of the control command is converted into an asynchronous transmission format 
of an interface for transmitting digital data bidirectionally and transmitted after time-division multiplex with the iso- 
chronous transmission packet described above, thereby making it possible to omit the cables and the terminals of the 
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interface for control command transmission from the equipments of the system. 

Further, by converting signal transmission of linear digital audio using the digital audio interface and non-linear 
digital audio and music/musical instrument signal with a format common to the bidirectional digital interface, mutual 
transmission and control of an information signal becomes easy in a system in which a video equipment such as TV 
5 and DVCR, a personal computer and various digital audio equipments and electronic musical instruments are con- 
nected to the same bidirectional digital interface. 

Furthermore, it becomes easier to mutually communicate a signal and a control command among music/musical 
instruments and AV equipments by converting a transmission format of a unidirectional music/musical instrument signal 
into an asynchronous transmission mode of the interface for bidirectional transmission of digital data, thereby to have 
io jt coincide with the transmission format of the control command for AV equipments. 

Further, it is possible to convert a transmission format of a unidirectional music/musical instrument signal and the 
format thereof made high in speed into an isochronous transmission format of the interface for performing bidirectional 
transmission of digital data, thereby to transmit a large amount of data in a short period of time. 
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Claims 



1. A data communication method characterized in that a format of an interface for transmitting digital data unidirec- 
tionally is converted into an isochronous transmission format or an asynchronous transmission format of an inter- 
na face for transmitting digital data bidirectionally. 

2. A data communication method according to claim 1 , wherein digital data are music/musical instrument signals. 

3. A data communication method according to claim 2, wherein the music/musical instrument signal is transmitted 
25 in an asynchronous transmission format for audio/video equipments. 

4. A data communication method according to claim 1, wherein a control signal transmitted by means of another 
interface connected to an interface for transmitting digital data unidirectional ly or an apparatus provided with said 
interface is converted into an asynchronous transmission format of an interface for transmitting digital data bidi- 

30 rectionally and is transmitted together with digital data of an isochronous transmission format. 

5. A data communication method according to claim 4, wherein digital data are digital audio signals. 

6. A data communication method according to claim 1 , wherein a header that belongs to a packet of an isochronous 
35 transmission format is made common to a plural types of digital data. 

7. A data communication method according to claim 1 , wherein a header is equipped with an identification code for 
identifying a mode of transmitting synchronously with a cycle of isochronous transmission from a mode of trans- 
mitting asynchronously therewith for a plural types of digital data. 

40 

8. A data communication method according to claim 1 , wherein an identification code for identifying the type of digital 
data is added to the data of an isochronous transmission format. 

9. A data communication method according to claim 1 , wherein a synchronous signal of an interface for transmitting 
45 digital data unidirectionally is bit -compressed thereby to take the signal into a header of isochronous transmission 

of an interface for transmitting digital data bidirectionally. 

1 0. A data communication method according to claim 1 , wherein the size of a data block in an isochronous transmission 
format of an interface for transmitting digital data bidirectionally is made common irrespective of a sampling fre- 

50 quency of an interface for transmitting digital data unidirectionally. 
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(57) A data communication technique enables a re- 
duction in the number of terminals in equipment for in- 
putting or outputting a real time digital signal such as a 
digital audio signal and a music/musical instrument sig- 
nal. A first converter (6) and a second converter (7) are 
provided with a function of mutual conversion between 
a signal format of a digital audio interface and a signal 
format of I EEE-1 394. For example, it is possible to trans- 
mit a signal of a digital audio interface outputted from a 
first CD player (1) to the first converter (6), to convert 
the signal there into a packet of I EEE-1 394 isochronous 
transmission format and transmit it to the second con- 
verter (7), and to return the packet to the digital audio 
interface and record a digital audio signal in an MD re- 
corder (3). When a converter having a function of mutual 
conversion between the MIDI signal format and the 
I EEE-1 394 signal format is provided, it is also possible 
to perform bidirectional data communication among a 
plurality of MIDI musical instruments. 
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